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WRRO LQ HUJRQRPLFV $QG FRQVWDQWO\ SRLVHG EHWZHHQ URZV RI HVWLPDWRUV ZKR FRQVLGHU LW D SURPLVLQJ
UHVHDUFK WRRO DQG GHWUDFWRUV ZKR IHHO IDLQW WKH OLQNV EHWZHHQ UHDOLW\ DQG GLJLWDO ,W LV QRW UHDOO\ D
PHDVXULQJ LQVWUXPHQWXQWLOD ULJRURXVSURFHGXUH WKDWFRPELQHV WKHUHVXOWVREWDLQHG LQ WKH WZRVFHQDULRV
UHDODQGYLUWXDORQHLVHVWDEOLVKHG6KLQDUDE7KLVKDSSHQVZKHQWKHFDOLEUDWLRQSURFHGXUHLV
EDVHG RQ VWURQJ DVVXPSWLRQV DQG JHQHUDO FRQGLWLRQV RI SDULW\2WKHUZLVH LW VKRZV KRZ SHRSOH DFW DQG
UHDFWLQDWKHRUHWLFDOVLPXODWLRQZKLOHDQHYHQWRFFXUV
7KH FDXVHV WKDW GHWHUPLQH D GULYLQJ EHKDYLRXU DUH GLIIHUHQW$OVR WKH LQIOXHQFH RI LQGLYLGXDO DFWRUV
URDG HQYLURQPHQW FOLPDWH GULYHUV DQG WKH YHKLFOHPD\ YDU\ RYHU WLPH7KLV LV EHFDXVH VXFK DJHQWV
LQIOXHQFHHYHU\WKLQJLQDQDUWLFXODWHGZD\,QPRVWFDVHVUHVHDUFKHUVWU\WRUHFRQVWUXFWWKHG\QDPLFVRI
EHKDYLRXU ORRNLQJIRUGRPLQDQW IDFWRUVDPRQJ WKHRWKHUV IRUH[DPSOH LQ WKHYHKLFOH $XEHUOHW
IRU LQVWDQFH WKHUH LV WKH DWWHPSW WRXQGHUVWDQGZKHWKHU D FROOLVLRQ LV FDXVHGE\ VSHHGRU LQDSSURSULDWH
GULYHU¶VFKRLFHV OLNHDVHTXHQFHRIDJJUHVVLYHDQGGDQJHURXVRYHUWDNLQJPDQRHXYUHVRUE\VWLPXOL WKDW
GLVWUDFWGULYHUV
DWWHQWLRQIURPWKHURDGHJYLVXDO WRWDFWLOHRQHVZULWLQJ606PHVVDJHVVHDUFKLQJDQ
REMHFWLQVLGHWKHFDUVRXQGWDONLQJRQWKHSKRQHRUOLVWHQLQJWRPXVLFFRQFHUQLQJWDVWHDQGVPHOOHDWLQJ
RU WUDQVSRUWLQJ JRRGV DQG DQLPDOV ,Q VSHFLDO FDVHV WKH FDXVHV RI DQ DFFLGHQW DUH ORRNHG XS LQ WKH
ERXQGDU\ FRQGLWLRQV DVVXPLQJ WHPSRUDU\ ULVN IDFWRUV VXFK DV IDWLJXH RU PRRG VOLSSHULQHVV VLJKW
FRQGLWLRQVPRQRWRQ\cNHUVWHGW:HOOHU
:LWK UHJDUG WR WKH URDG LQIUDVWUXFWXUH WKH FRQGLWLRQV RI YLVLELOLW\ DQG SHUFHSWLRQ RI WKH VL]H RI WKH
URDGZD\ SOD\ DQ LPSRUWDQW UROH IRU VDIHW\ %HQ%DVVDW $FFLGHQWV RI HTXDO LQWHQVLW\PD\ RFFXU
EHFDXVHRIXQFHUWDLQWLHVLQWKHIROORZLQJWKHURXWHWKHODFNRIDGHTXDWHURDGPDUNLQJVRUGLVFRQWLQXLWLHV
LQURDGOD\RXW7KHFDXVHRIDFFLGHQWVFDQEHDOVRIRXQGLQWKHHQYLURQPHQWVXUURXQGLQJWKHLQIUDVWUXFWXUH
$QWRQVRQ7KLVKDSSHQV IRUH[DPSOHZKHQWKHURDGZD\LV IORRGHGZLWKIL[HGREMHFWVREMHFWV
EUDQFKHV DQG WUXQNV RI VKUXEV IHQFHV RU URDG IXUQLWXUHV RU PRELOH RQHV DQLPDOV DQG SHRSOH VORZ
YHKLFOHV RU SDUNHG FDUV 'LIIHUHQW FRXQWHUPHDVXUHV FDQ EH DGRSWHG VRPH SUHYHQW ULVN\ EHKDYLRXUV
FKDQJLQJRIODQHVUHYHUVLQJRIPDUFKLPSHGLQJWKHYHKLFOHWRFKDQJHWKHRFFXSLHGODQHVRPHDFWRQ
WKH GULYHU E\ PHDQV RI SK\VLFDO VLJQDOV KRUL]RQWDO DQG YHUWLFDO VXFK DV UXPEOH VWULSV WKDW ZDUQ WKH
GULYHUZKHQSDVVLQJDFHQWUHRUVLGHOLQHRWKHUVZRUNRQWKHLQWHUDFWLRQEHWZHHQPDQYHKLFOHSDYHPHQW
DGKHVLRQFKDUDFWHULVWLFVRIWKHURDGGULYLQJFRPIRUW LQWKHFRFNSLWHWF7KHPRVWUHFHQWUHVHDUFKSXW
WKH DWWHQWLRQRQ WKH LQIUDVWUXFWXUH RQ WKHEDVLV RI WKH FRQYLFWLRQ WKDW DQ LQWHUYHQWLRQ LVPRUH HIIHFWLYH
ZKHQLWVROYHVRUVLPSO\PDQDJHVSUHGLFWDEOHEHKDYLRXUV7KHHXZHV,QWKLVFDVHWKHURDG
OD\RXW PXVW SHUVXDGH WKH GULYHU WR DVVXPH SUHGLFWDEOH EHKDYLRXU ,I WKH SURMHFW FDQ VDWLVI\ WKLV
UHTXLUHPHQWWKHURDGLWVHOIH[SODLQVWRWKHGULYHUKRZKHVKRXOGEHKDYH7KHLQIUDVWUXFWXUHWUDQVSRVHVWKH
FRQFHSWRI 
VHOIH[SODLQLQJURDG
6(5WKHOD\RXWGRHVQRWQHHGIXUWKHUH[SODQDWLRQWKHUHLVQRFKRLFH
EHWZHHQ WZR GLIIHUHQW EHKDYLRXUV WKHUH DUH QR VWUXFWXUDO RU IXQFWLRQDO DPELJXLWLHV WKDW PD\ FUHDWH D
GRXEWDYDULHW\RIH[SHFWDWLRQVRUGLIIHUHQWSRVVLELOLWLHVRIFKRLFH,QWKHPRUHJHQHUDOGHILQLWLRQZHWDON
DERXW6(5ZKHQUHIHUULQJWRDURDGGHVLJQHGDQGEXLOWWREHGULYHQLQDZD\WKDWSUHYHQWVWKHGULYHUWR
FRPPLWHUURUVRIDVVHVVPHQW7KHHXZHV6RPHUHVHDUFKHUVKDYHVXJJHVWHGWRSODFHDORQJWKHURXWH
D FRORXU FRGH WKDW LQGLFDWHV WKHRSHUDWLQJ VSHHG &DPSDJQH +RZHYHU WKH XVHRI FRORXUV LQ DQ
RSHQHQYLURQPHQWLVVXEMHFWHGWRFKDQJHVGXULQJWKHWLPHWKHPDLQWHQDQFHFRQGLWLRQYDULHVZLWKUHJDUG
WRSDLQWLQJVFRORXUEULJKWQHVVDQGVRRQDQGLQVRPHFDVHVLWLVQHFHVVDU\WRLQWHUSUHWWKHPHVVDJH7KXV
URDG PDUNLQJV FDQ JHQHUDWH DQ DPELJXRXV µTXHVWLRQ¶ WR FKDQJH GULYHU¶V UHVSRQVH *ROGHQEHOG 
:HOOHU   7KHUH DUH VHYHUDO ZD\V WR PDNH D URDG UHFRJQL]DEOH VRPH UHVHDUFKHUV EHOLHYH WKDW
LQIRUPDWLRQ VKRXOG FRPH IURP WKH URDG $DUWV  LQ RWKHU FDVHV WKH\ WKLQN WKDW WKH VL]H DQG
FRPSRVLWLRQRIWKHODQHVDUHIXQGDPHQWDO%HQ%DVVDW1RWDOO WKHYDULDEOHVUHODWHGWRWKHOD\RXW
KDYHEHHQHYDOXDWHGVRIDUDOVREHFDXVHRIWKHFRVWVRIFRQVWUXFWLRQDQGPDQDJHPHQW,WLVIRUWKLVUHDVRQ
WKDWLWLVLPSRUWDQWWRLQYHVWRQWKHYLUWXDOVLPXODWLRQE\PHDQVRIVRPHRIWKHFKDUDFWHULVWLFVRIWKHURDG
OD\RXWFDQEHVWXGLHGHYHQLIQRWSUHVHQWLQDSURWRW\SH
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([SHULPHQWDOLQYHVWLJDWLRQ
2UJDQL]DWLRQRIWKHH[SHULPHQW
,QWKLVSDSHUWKHDXWKRUVSUHVHQWDVWXG\LQWKHYLUWXDOHQYLURQPHQWFDUULHGRXWLQRUGHUWRGHILQHWKH
HIIHFWVRIURDGPDUNLQJVLQFRQWUROOHGXUEDQURDGWUDIILFFRQGLWLRQV,QSDUWLFXODULWH[DPLQHVWKHHIIHFWRI
WKH VWUHQJWKHQLQJ RI VLJQV WKDW GHOLQHDWH WKH URDGZD\ 7KH HQKDQFHPHQW LV REWDLQHG E\ WKH SRVLWLRQ RI
SRVWGHOLQHDWRUV RQ H[LVWLQJ VLJQV 2Q WKH EDVLV RI WKH UHVXOWV REWDLQHG LQ D SUHYLRXV H[SHULPHQWDO
LQYHVWLJDWLRQ 3DVHWWR  ZKHUH WKH DXWKRUV VWXGLHG WKH UHODWLRQVKLS EHWZHHQ WKH URDGZD\ DQG WKH
UHVSRQVHRI WKHGULYHUDQHZVFHQDULRZDVGHYHORSHGZLWKWKHDLPWRLPSURYH WKHYLVXDOSHUVSHFWLYHRI
URDG6LQFH WKH UHVHDUFKSURMHFW VWXGLHV WKH UHODWLRQVKLSEHWZHHQYLVXDO VWLPXOLRI WKH URDGHQYLURQPHQW
DQGGULYLQJEHKDYLRXULWZDVGHFLGHGWRPDLQWDLQWKHJHRPHWU\RIWKHURDGDORQJWKHWLPHFKDQJLQJWKH
KRUL]RQWDOPDUNLQJVRQO\7KHFKDQJHKDGWKHHIIHFW WRUHQGHUWKHFDUULDJHZD\PRUHHYLGHQW LQFUHDVLQJ
WKHYLVXDOLPSDFWRIWKHURDGJHRPHWU\7RGHYHORSWKLVVWXG\LWZDVVXIILFLHQWWRFKDQJHRQO\WKHGLJLWDO
PRGHO DGGLQJSULVPDWLF HOHPHQWV RQ WKH FHQWUH DQG WKH HGJHVRI WKH URDGZD\7KH UXOHV RI LQWHUDFWLRQ
EHWZHHQPDQDQGWKHVLPXODWRUFDQEHWUDQVIHUUHGEHWZHHQGLIIHUHQWHQYLURQPHQWVDQGPXVWQRWVXIIHUDQ\
FKDQJH 2WKHUZLVH WKH VLPXODWLRQ IHHOV WKH HIIHFWV RI YDU\LQJ FRQGLWLRQV DQG WKH UHVXOWV FDQQRW EH
FRPSDUHG ZLWK WKRVH DOUHDG\ REWDLQHG LQ WKH FXUUHQW UHVHDUFK SURMHFW $ VDPSOH RI  YROXQWHHUV ZDV
FKRVHQ IURPDOO WKRVHZKRSDUWLFLSDWHG WR WKH UHVHDUFKSURMHFW7KHYROXQWHHUV KDG DPHDQ DJHRI 
\HDUV '6    DQG LQFOXGHG PDOHV DQG  IHPDOHV 7KH JHQGHU DQG DJH GLVWULEXWLRQ UHIOHFWV WKH
SRSXODWLRQRISHRSOHWKDWXQGHUZHQWWKHWHVWLQJLQWKHZKROHSURMHFWPHDQDJH\HDUV6' RI
ZKLFK PDOH  DQG IHPDOH  7KHLU DYHUDJH H[SHULHQFH RI GULYLQJ LV  \HDUV LQ D UDQJH
EHWZHHQDQG\HDUV$OOVXEMHFWVGULYHOHVVWKDQNPSHU\HDUPRUHWKDQNPWUDYHOOHGLQ
XUEDQ DQG VXEXUEDQ URDGV$OO YROXQWHHUV ZHUH LQVWUXFWHG DERXW WKH QDWXUH RI WKH WHVWLQJ DQG UHVHDUFK
'XULQJDSUHOLPLQDU\GULYLQJWHVWFRQILGHQFHZLWKYLUWXDOUHDOLW\ZDVJLYHQ$OOYROXQWHHUVZHUHDVNHGWR
GULYHLQDOOWKHWHVWHQYLURQPHQWVLQUDQGRPRUGHUVLPXODWLQJWKHGD\RUQLJKWWLPHLQERWKGLUHFWLRQVRI
WKH URXWH $ XQLTXH FRGH DQRQ\PRXVO\ DVVRFLDWHG HDFK WHVW WR HDFK VXEMHFW 7KH VWXG\ ZDV FRQGXFWHG
XVLQJWKHGULYLQJVLPXODWRURI+7/DE)LJZKLFKFRQVLVWVRIDKHOPHWRISURMHFWLRQWKDWJHQHUDWHVD
FRPSOHWHLPPHUVLRQRIWKHVXEMHFWDQGKDVDEDVLFVWUXFWXUHIL[HGWRWKHKHDG7KHSURMHFWLRQV\VWHPLVWKH
9LUWXDO 5HVHDUFK 6\VWHPV 9 +HDG 0RXQW 'LVSOD\ $Q DFWLYH PDWUL[ /&' SURMHFWV KLJKUHVROXWLRQ
LPDJHV RI [ SL[HOV RQ  GLIIHUHQW VFUHHQV ZLWK VWDEOH FRORXUV DQG EULJKWQHVV 7KH KDUGZDUH
FRQVLVWVRIDFRPSXWHUDQGD0SL[HOJUDSKLFVFDUGZLWKLPDJHVVHSDUDWRU7KHFRPSXWHUVLPXODWHVWKH
PRYHPHQWRIWKHYHKLFOHZKLOHWKHJUDSKLFVFDUGVSOLWVWKHLPDJHLQWRWKUHHGLVSOD\V7KHKHOPHWKDVWZR
'XDOGLDJRQDO$FWLYH0DWUL[/&'ZLWKDILHOGRIYLHZIRUHDFKRIWKHP7KHV\VWHPLVHTXLSSHG
ZLWKVWHUHRKHDGSKRQHVWKDWVHSDUDWHWKHVXEMHFWIURPWKHQRLVHRIWKHODERUDWRU\$WWKHVDPHWLPHWKH
VRXQGRIWKHYHKLFOHLVUHSURGXFHGPRGXODWHGE\WKHFRPSXWHUDFFRUGLQJWRWKHGULYLQJVSHHGDQGWKH
HQYLURQPHQWFRQILJXUDWLRQ(QYLURQPHQWDOVRXQGHYHQWVDQGFOLPDWLFHIIHFWVZHUHQRWDSSOLHG
6LPXODWRUYDOLGLW\
7KH XVH RI WKH YLUWXDO GULYLQJ VLPXODWRU KDV ERWK SRVLWLYH DQG QHJDWLYHV LPSOLFDWLRQV %HOOD 
 7KH ILUVW SRVLWLYH DVSHFW LV WKH SRVVLELOLW\ RI D GLUHFW FRQWURO RI WKH H[SHULPHQW WKH VLPXODWRU
DOORZV D FRPSOHWH FRQWURO RI WKH YDULDEOHV RI WKH VLPXODWLRQ ,Q SDUWLFXODU WKH GLJLWDO PRGHO FDQ EH
PDLQWDLQHGYDU\LQJRQHRUPRUHVWLPXOLDWHDFKWHVW*HQHUDOO\WKHYDULDWLRQRIURXWHFKDUDFWHULVWLFVFDQ
EHFDUULHGRXWLQDIHZKRXUVZKLOHLQWKHUHDOFDVHWKHFKDQJHZRXOGUHTXLUHDORWRIWLPHDQGKLJKFRVWV
EHFRPLQJXQVXVWDLQDEOH0RUHRYHUWKHVDIHW\RIODERUDWRU\WHVWVDQGWKHHDVHRIGDWDVWRULQJGXULQJWKH
H[SHULPHQWVKRXOGEHPHQWLRQHG1HYHUWKHOHVVWKHXVHRIYLUWXDOUHDOLW\LVGLVSXWHGE\WKHVFLHQWLILF
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
)LJ'ULYLQJVLPXODWRUVHWXS9LHZRIWKHGUHVVHGKHOPHWDDQGWKHJXLGDQFHDSSDUDWXVE
FRPPXQLW\ EHFDXVH LW FKDOOHQJHV WKH YDOLGLW\ RI WKH RYHUODS EHWZHHQ WKH UHDO DQG YLUWXDO HQYLURQPHQW
5RVH\ 7KH FRUUHVSRQGHQFHEHWZHHQ WKH QXPHULFDO UHVXOWV REWDLQHG LQ WKH WZRHQYLURQPHQWV LV
RIWHQGLVFXVVHGDQGIRUFHGFRUUHODWLRQVDUHH[SHFWHG,QPDQ\FDVHVWKHYDOLGLW\RIWKHSURSRVHGVWLPXOL
LQ WKH YLUWXDO HQYLURQPHQW LV H[DPLQHG FULWLFDOO\ DV ZHOO DV WKH SDUDOOHOLVP EHWZHHQ UHDO DQG YLUWXDO
VWLPXOL$Q\ZD\LWVKRXOGEHQRWLFHGWKDWWKHSXUSRVHRIWKHGHVFULEHGUHVHDUFKZDVWRGHDOZLWKPDWWHUV
UHODWHGWRWKHHIIHFWRILQIUDVWUXFWXUHRQWKHGULYLQJEHKDYLRXUUDWKHUWKDQGHWHUPLQLQJDPHDVXUHRIWKHLU
LQWHUDFWLRQ(FRQRPLFDOFRQVLGHUDWLRQVVKRXOGDOVREHGRQH7KHFKDQJHRIDURDGJHRPHWU\PDUNLQJV
VLJQV LQ WKHYLUWXDOHQYLURQPHQWKDVFRVWVZKLFKDUHQRWFRPSDUDEOHZLWKQHZFRQVWUXFWLRQ7KHVWXG\
ZDVOLPLWHGWR\RXQJGULYHUVEHFDXVHRIWKHGLIILFXOWLHVLQFROOHFWLQJKRPRJHQHRXVGDWDUHSUHVHQWDWLYH
VDPSOHV IURP D GLYHUVLILHG SRSXODWLRQ:LWK UHJDUG WR WKH QXPEHU RI SHUVRQV HQJDJHG LQ WKH WULDO D
FODULILFDWLRQ LV QHHGHG WKH H[SHULPHQWV GHVFULEHG DUH RIWHQ FRQGXFWHG RQ D OLPLWHG QXPEHU RI SHUVRQV
VRPHWLPHVXQGHUXQLWVEXWVRGHWHUPLQHVDVWDWLVWLFDOXQFHUWDLQW\7KLVLVRIWHQUHODWHGWRWKHFRVWRI
UHVHDUFK RU GLIIHUHQW FKRLFHV HJ YDULDEOHV WR EH VWXGLHG QXPEHU RI WHVW VHVVLRQV IRU HDFK YROXQWHHU
GXUDWLRQ RI D VLQJOH WHVW UHVW SHULRGV V\VWHP RI SURMHFWLRQ LQWHUDFWLRQ ZLWK WKH DFWLYLWLHV RI WKH
ODERUDWRU\,QWKLVUHVHDUFKSURMHFWDQXPEHURIVXEMHFWVZDVXVHGWKDWWKHDXWKRUVFRQVLGHUHGVXIILFLHQW
WRUHSUHVHQWWKHLQWHUDFWLRQEHWZHHQURDGDQGXVHUV,WKDVEHHQGHFLGHGWRUHSUHVHQWWKHGLIIHUHQWFODVVHV
RIEHKDYLRXUDOVSHHGDGDSWDWLRQLQDQDJJUHJDWHGZD\VRWKHGULYHUVEHORQJHGWRDVLQJOHKRPRJHQHRXV
FODVV9LVXDOVWLPXOLFRQFHUQLQJWKHJHRPHWU\ZHUHDQDO\]HG7KHPDLQREMHFWLYHZDVWRJLYHWKHGULYHU
FOHDULQIRUPDWLRQDERXWWKHURDGW\SHDQGWKHVSHHGWRPDLQWDLQLQRUGHUWROLPLWWKHQXPEHURIYDULDEOHV
,QDGGLWLRQHUJRQRPLFDQGHWKLFDOUHDVRQVSUHYHQWHGDQH[FHVVLYHORDGLQJRIWKHVLQJOHVXEMHFW
'LJLWDO0RGHO
7KHVWUXFWXUHRI WKH URDG WUDFN )LJDQG WKHFKRLFHDERXW WKH VSHHGFRQWUROSRLQWVKDYHEHHQ WKH
VXEMHFWRISUHYLRXVSXEOLFDWLRQV3DVHWWR7KHWUDFNFRUUHVSRQGVWRDQH[LVWLQJURDGVWUHWFK
VLWXDWHG LQ WKH3URYLQFHRI3DGXDZKLFKEHORQJV WR WKH3URYLQFLDO5RDG1R  DQG H[WHQGV IURPNP
WRNP,WLVDURXWHEHWZHHQ3DGXDDQG9HQLFHDOWHUQDWLYHWRDPDMRUKHDYLO\WUDIILFNHGURDG
7KHJHRPHWULFFKDUDFWHULVWLFVDQGFRPSRVLWLRQRI WKHFURVVVHFWLRQPDNH WKLV WUDFN VLPLODU WR WKDWRID
ORFDOFLW\VWUHHWZLWKRQO\RQHODQHSHUHDFKGLUHFWLRQPZLGWK,QWKHFHQWUDOSRUWLRQWKHUHLVDQ
6VKDSHGFXUYHZKHUHWKHZLGWKRIHDFKODQHLQFUHDVHVWRP$VSHHGOLPLWNPKLVDGRSWHG
DORQJWKHURDG6SHFLDODWWHQWLRQWRWKHJHRPHWU\WKHIXUQLVKLQJDQGPDUNLQJVDQGVLJQRIWKHURDGLV
UHTXLUHG$OOWKHHQJLQHHULQJHOHPHQWVDQGWKHODQGVFDSHKDYHEHHQUHSURGXFHGWRRIIHUDSODXVLEOHYLVLRQ
RIWKHUHDOHQYLURQPHQW
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)LJD'LJLWDO0RGHOE5RDGOD\RXW











)LJ'LJLWDOPRGHORIWKHURDGWUXQNDVWDQGDUGURDGPDUNLQJVEURDGPDUNLQJVSRZHUHGE\SRVWGHOLQHDWRU

,QSDUWLFXODUIDUREMHFWVKDYHEHHQUHSUHVHQWHGLQRUGHUWRHOLPLQDWHWKHYDFXXPHIIHFWRIWKHHQGRI
WKHGLJLWDOPRGHO,QWKLVVWXG\WKHVXEMHFWVXQGHUZHQWWZRGULYLQJWHVWVZLWKGLIIHUHQWVFHQDULRVLQRUGHU
WRHYDOXDWHWKHHIIHFWVRIDQH[SDQVLRQRIWKHURDGVLJQVRQWKHVSHHG7KHILUVWVFHQDULRZDVFKDUDFWHUL]HG
E\ WKH H[LVWLQJ VLJQV LQ WKH VHFRQG RQH WKH YLVXDO LPSDFW RI URDG PDUNLQJV ZDV LQFUHDVHG E\ WKH
RYHUODSSLQJRIZKLWHSULVPDWLF HOHPHQWV RQ WKHPDUNLQJV)LJ  VKRZV D FRPSDULVRQEHWZHHQ WKH WZR
VFHQDULRV IRU GD\WLPH GULYLQJ FRQGLWLRQV8VXDOO\ WKHPDUNHUV UHIOHFW OLJKW DQG DUHPRXQWHG DERYH WKH
URDGVXUIDFHDQGDORQJWKHHGJHRIWKHFDUULDJHZD\,QWKLVVWXG\WKH\ZHUHLQVWDOOHGRQWKHOLQHVHDFK
PLQRUGHUWRVXJJHVWWKHDOLJQPHQWRIURDGVDQGLPSURYHWKHYLVXDOJXLGH
5HVXOWV
7KH VXEMHFWV ZHUH LQWURGXFHG WR WKH WHVW ZLWK D EULHI H[SODQDWLRQ RI WKH SXUSRVH DQG WKH UHTXLUHG
DFWLYLWLHV7KHVLPXODWLRQE\FRPSOHWHLPPHUVLRQLQWKHYLUWXDOHQYLURQPHQWFDQQRWODVWORQJEHFDXVHLW
SURGXFHVDSHUVSHFWLYHYLVLRQZKLFKGRHVQRWFRQIRUPWRWKHRSWLFDOFKDUDFWHULVWLFVRIHDFKLQGLYLGXDO,Q
WKLVUHVHDUFKHDFKVXEMHFWFRYHUVWKHURXWHZLWKVWDQGDUGPDUNLQJVDQGZLWKWKHHQKDQFHGRQHVZLWKWKH
RYHUKHDG OLJKWV RQ GD\ DQG RQ WZR DOWHUQDWLYH URXWHV URXQG WULS$OO LQIRUPDWLRQ HJ FRRUGLQDWHV
VSHHG VWHHULQJDQJOHSUHVVXUHRQ WKHEUDNHSHGDODQGDFFHOHUDWLRQDUH VXPPDUL]HG LQ DYHFWRURI
YDOXHV IRU LQVWDQFH WR HDFK YDOXH RI WKH YHFWRU RI YHORFLW\ FRUUHVSRQGV WKH DYHUDJH YDOXH RI VSHHGV
UHFRUGHG LQ P RI WUDFN SUHFHGLQJ DQG IROORZLQJ WKH FRQVLGHUHG SRLQW ,Q )LJ  WKH GLDJUDPRI WKH
VSHHGRQWKHWUDFNUHIHUHQFHLVUHSRUWHGDVDQH[DPSOH3DVHWWRZLWKRYHUKHDGOLJKWVDQGLQWKH
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GLUHFWLRQ3&WR07,QWKHILUVWJUDSK)LJDERYHWKHGLVFUHWHUHSUHVHQWDWLRQRIWKHUHODWLYHVSHHGV
IRUHDFKVXEMHFWWHVW1RLVUHSUHVHQWHG,QWKHVHFRQGJUDSK)LJEHORZWKHVWDWLVWLFDQDO\VLVRIGDWD
LV VKRZQ WHVW 1R  7KH VWDWLVWLF YDOXHV RI WKH VSHHG IRU VLJQLILFDQW SRLQWV RI WKH WUDFN HJ DW WKH
EHJLQQLQJLQWKHPLGGOHDQGDWWKHHQGRIHDFKHOHPHQWRIVWUDLJKWRUFXUYHIRUERWKWKHSURSRVHGURXWHV
KDYH DOVR EHHQ UHSRUWHG &RPSDULQJ WKH WZR FKDUWV LW FDQ EH VHHQ WKDW LQ DYHUDJH SRVWGHOLQHDWRUV
LPSURYH GULYLQJ FRQGLWLRQV 7KH VSHHG LV ORZHU WKDQ WKH RQH LQ WKH VWDQGDUG URXWH 7KHUH LV DOVR D
FRQWH[WXDOUHGXFWLRQRIWKHGLVSHUVLRQRIUHVXOWV,WVKRXOGEHUHPHPEHUHGWKDWWKHWHVWVDUHDOZD\VPDGH
ZLWKD UDQGRPVHTXHQFH WKHUHIRUHRQHFDQQRWDWWULEXWH WKLVFKDQJH WR WKHYLVXDOPHPRU\7KHHIIHFW LV
PRVW HYLGHQW LQ WKH ILUVW SDUW RI WKH WUDFN EHWZHHQ  DQG  P ZKHUH WKH FXUYH 6VKDSHG LV
ORFDWHGWKHDYHUDJHVSHHGYDULHVIURPNPK6' 7HVW1RDWWKHHQGRIWKHILUVWVWUDLJKW
PWRNPK6' 7HVW1RLQWKHFDVHRIHQKDQFHGPDUNLQJ$WWKHHQGRIWKHILUVW
FXUYHPWKHDYHUDJHVSHHGLVNPK6' 1RZKLOHLQ7HVW1RWKHYDOXHLV
NPK6' 1R

)LJD6SHHGVWDWLVWLFDOGDWDRIWKHVWDQGDUGWUDFNEVDPHSDUDPHWHUVIRUWKHHQKDQFHGPDUNLQJWUDFN

$FKDQJH LQ WKHGULYLQJEHKDYLRXUFDQEHQRWLFHGVXEVHTXHQWO\7KHDYHUDJHVSHHGYDULHV IURP
NPK6' 1RWRNPK6' 1R,QWKHVHFRQGFXUYHWKHUHLVDQDYHUDJHVSHHG
UHGXFWLRQLQERWKWKHVLPXODWHGFRQILJXUDWLRQVWKHDYHUDJHPLQLPXPYDOXHVDUHUHDFKHGQHDUWKHHQGRI
WKHFXUYHWRP,QWKHFDVHRIVWDQGDUGPDUNLQJWKHDYHUDJHVSHHGLVHTXDOWRNPK
6' 1RZKLOHLQWKHFDVHRILPSURYHGPDUNLQJWKHPHDQYDOXHLVNPK6' 1R
7KH UHVXOW KDV EHHQ FRQILUPHG E\ WKH IROORZLQJ WHVWV ZKHQ WKH WUDFNV ZDV FRYHUHG LQ WKH RSSRVLWH
GLUHFWLRQRQWKHRWKHUODQHEXWXQGHUWKHVDPHFRQGLWLRQV)LJ$XQLTXHUHIHUHQFHV\VWHPZDVXVHG
LQRUGHUWRSURYLGHDVLQJOHWUDFHRIWKHSDWK7KHRULJLQRIWKHFRRUGLQDWHVLVUHIHUUHGWRWKHGLUHFWLRQIURP
3&WR07VWDQGDUGURDGPDUNLQJ7KHUHVXOWVREWDLQHGVKRZWKDW WKHHQKDQFHPHQWRI WKHPDUNLQJV
GHWHUPLQHVERWKD UHGXFWLRQ LQ WKHDYHUDJH VSHHGDQGD ORZHU VFDWWHULQJRI WKH UHVXOWV )LJDE ,Q
GHWDLOLWFDQEHQRWLFHGWKDWLQWKHILUVWFXUYHPWKHDYHUDJHVSHHGVDUHGLIIHUHQW,QWKHVWDQGDUG
WUDFNWKHYDOXHLVNPK6' 1RLQWKHPRGLILHGRQHDYDOXHRINPK6' Q
LVREWDLQHG,QWKHFHQWUDOSDUWRIWKHFXUYH6VKDSHGPWKHDYHUDJHVSHHGLVNPK6'
 1RDQGNPK6' 1R UHVSHFWLYHO\ ,Q WKH ODVWSDUW P WKHVSHHGRI WKH
VLPXODWLRQVGRHVQRWFRQYHUJHDOWKRXJKLQERWKFDVHVWKHHQGRIWKHYLUWXDOHQYLURQPHQWFDQEHGHWHFWHG
LQWKHILUVWFDVHWKHDYHUDJHVSHHGLV6' 1RZKLOHLQWKHODWWHULVNPK6' 
1R2QO\DWWKHEHJLQQLQJRIWKHVLPXODWLRQZHFDQREVHUYHDGLIIHUHQWGULYLQJFRQGLWLRQ
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)LJD6SHHGVWDWLVWLFDOGDWDRIWKHVWDQGDUGWUDFN073&EWKHVDPHSDUDPHWHUVIRUWKHHQKDQFHGPDUNLQJWUDFN
,QSDUWLFXODULQWKHVHFWLRQDWPWKHVSHHGLVKLJKHULQWKHFDVHRIVWDQGDUGPDUNLQJHTXDOWR
NPK6' 1RLQVWHDGRINPK6' 1R6LQFHWKHUHVXOWVLQWKHWZRGLUHFWLRQV
KDYH SURYHG WR EH GLIIHUHQW LW ZDV GHFLGHG WR H[WHQG WKH VWDWLVWLFDO DQDO\VLV DW DOO SRLQWV RI WKH URXWH
LQFUHDVLQJ WKHGHWDLORI WKHDQDO\VLV7KHVSHHGGLVWULEXWLRQZDV UHIHUUHG WRD UHIHUHQFHFRRUGLQDWH HJ
PDQGFRPSDUHGZLWKWKHGLVWULEXWLRQRIVSHHGLQWKHQH[WSRLQWPIRUDOOWKHSRLQWVRI
WKH WUDFN $ WULDQJXODUPDWUL[ [ZDV EXLOW ZKLFK UHSUHVHQWV WKHPXWXDO UHODWLRQV EHWZHHQ WKH
GLIIHUHQWGLVWULEXWLRQVRIVSHHG7KHHIIHFWLYHQHVVRI WKLVPDWUL[ LV UHODWHG WR WKH WHVWFRQVLGHUHG ,QRXU
FDVHLWZDVGHFLGHGWRSHUIRUPWKHWHVWRIWKHFRUUHODWLRQ7KHWKUHVKROGDQDO\VLVLVDVVXPHGWREHHTXDOWR
7KHYDOXHVRI WKHGLDJRQDO UHSUHVHQW WKH LGHQWLFDOFRPSDULVRQVDQG WKHYDOXHRI WKHFRUUHODWLRQ LV
HTXDO  7KH YDOXHV UHSRUWHG RQ WKH FROXPQ DQG RQ WKH URZ RI WKH PDWUL[ UHSUHVHQW WKH FRPSDULVRQV
EHWZHHQ WKH VHFWLRQV WKH IRUPHU DQG WKH QH[W $ GLDJUDP RI WKH FRUUHODWLRQV IRU HDFK RI WKH 
FRQVLGHUHG FRRUGLQDWHV FDQ EH GUDZQ DV VKRZQ LQ )LJ  IRU WKH VWDWLRQ P 7KH UHVXOW RI WKLV
DQDO\VLVLVH[WHQGHGWRDOOWKHSRLQWVRIWKHGLDJRQDOWRJHWDJUDSKWKDWUHSUHVHQWVWKHGLVWDQFHRIPXWXDO
LQIOXHQFHRIVSHHG)LJ7KLVUHSUHVHQWDWLRQGHVFULEHVIRUDQ\SRLQWRIWKHWUDFNWKHILHOGRILQIOXHQFH
,ILQDJLYHQVSDFHHJDSRUWLRQRIWKHWUDFNWKHFRUUHODWLRQLVKLJKLWLVUHDVRQDEOHWRWKLQNWKDWWKHUH
KDVQRWEHHQDVXEVWDQWLDOFKDQJHLQGULYLQJEHKDYLRXULQWKHGLIIHUHQWWHVWV9LFHYHUVDLQWKHRXWHUSRLQWV
ZKHUHWKHWKUHVKROGYDOXHLVQRWH[FHHGHGLWFDQEHDUJXHGWKDWDGLVWXUELQJIDFWRUFDQKDYHFDXVHGWKH
FKDQJHRIEHKDYLRXU)LJDVKRZVWKHGRPDLQRIVSHHGGLVWULEXWLRQVIRUWKHUHIHUHQFHWHVW3&07
GLUHFWLRQGD\DQGVWDQGDUGPDUNLQJ WKDW LV WKHVSDFHZKHUHWKHUHLVDPXWXDOLQIOXHQFH7KHUHVXOWVRI
WKHWHVWVKRZWKDW WKHILUVWVWUHWFKRIVWUDLJKW/IURPWRPLVXVHGWRSUHSDUHWKHGULYLQJ
SRVLWLRQ WKH VWUHWFK ZKHUH WKH FRUUHODWLRQ RFFXUV EHWZHHQ WKH VSHHGV LQFUHDVHV IURP  WR P
%HIRUH% P$IWHU$ P,QWKHQH[WVHFWLRQ&FRYHULQJWKHILUVWFXUYHWKHVSHHGLVVXEMHFWHG
WRDILUVWYDULDWLRQDQGWKHDUHDRILQIOXHQFHLVP% $ P,QWKHWKUHHIROORZLQJVHFWLRQV
&/DQG&WKHGLVWDQFHRILQIOXHQFHGHFUHDVHVDQGUHDFKHVWKHPLQLPXPLQWZRSRLQWVRIWKHWUDFN
LQVLGHRIVWUDLJKW/DWPDQGLQWKHILUVWSDUWRIWKHWKLUGFXUYH&DWP7KHHIIHFWRIWKH
6VKDSHGFXUYHLVYLVLEOHIRUDORQJVWUHWFKXSWRP$IWHUWKLVSRLQWWKHVSHHGGLVWULEXWLRQVUHWXUQ
WREHFRUHODWHGDQG WKHGLVWDQFHRI LQIOXHQFHUHDFKHV WKHPD[LPXPYDOXHDWP WKH LQWHUYDORI
FRUUHODWLRQ LV HTXDO WR  P %  P  $  P 6LQFH QR HOHPHQWV GLVWXUEHG WKH GULYHU D
SURJUHVVLYHGHFUHDVHLQWKHYDOXHRI$DQGDQLQFUHDVHRI%FDQEHREVHUYHG)LJEVKRZVWKHGLDJUDP
RI WKHGLVWDQFHVRI LQIOXHQFHRQ WKH WHVWZKHQ WKH URDGPDUNHUVZHUH LQVHUWHG LQWR WKH OLQHV 3&07
GLUHFWLRQGD\DQGPDUNLQJV,WFDQEHREVHUYHGWKDWWKHGLVWDQFHRILQIOXHQFHLVXVXDOO\ORZHUWKDQWKDW
REVHUYHGLQWKHVWDQGDUGWHVW7KHVSHHGGLVWULEXWLRQVFKDQJHDORQJWKHWUDFNKHQFHWKHFRUUHODWLRQ,QDOO
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)LJ&RUUHODWLRQEHWZHHQWKHGLVWULEXWLRQVRIVSHHGZLWKUHVSHFWWRWKHVWDWLRQP/ P% PDQG$ P

)LJ&RUUHODWLRQ'RPDLQ&KDUW'LUHFWLRQ3&07DVWDQGDUGURDGPDUNLQJVELQVHUWLRQRIPDUNHUV
WKHVHFWLRQVFRQVLGHUHGWKHUHLVDFRUUHODWLRQFRQFHUQLQJWKHGLVWULEXWLRQWKDWGRHVQRWH[FHHGPDQG
LWLVUHDVRQDEOHWRWKLQNWKDWLWLVGXHWRDQRQJRLQJFRUUHFWLRQRIWKHGULYLQJEHKDYLRXU(YHQLQWKHVWUHWFK
RIVWUDLJKWURDGWKHUHLVDQLPSRUWDQWFKDQJHDQGHVSHFLDOO\LQWKHILQDOVWUDLJKW/,Q)LJDDGLDJUDP
RI LQIOXHQFH LV VKRZQ IRU WKH WHVWSHUIRUPHGXQGHU VWDQGDUGFRQGLWLRQVEXW LQGLUHFWLRQ073&7KH
DQDO\]HGUHVXOWVDOORZWRLGHQWLI\DILUVWVHFWLRQRIPZKHUHWKHFRUUHODWLRQEHWZHHQWKHGLVWULEXWLRQV
RIVSHHGJUDGXDOO\EULQJVWRDQLQIOXHQFHDUHDRIP% P$ P)RUWKHQH[WPRI
VWUDLJKWWKHDUHDRILQIOXHQFHLVFRQVWDQW$VQRWHGSUHYLRXVO\WKHDEVHQFHRIIDFWRUVWKDWDIIHFWGULYLQJ
EHKDYLRXUPXVWFRLQFLGHZLWKDQLQFUHDVHRIWKHGLVWDQFH%DQGDUHGXFWLRQLQWKHYDOXHRI$2WKHUZLVH
LW KLJKOLJKWV D FRQIOLFW LQZKLFKZHPXVW VHDUFK IRU WKH IDFWRU WKDW KDV DIIHFWHG WKH VSHHG ,Q WKH ORQJ
VWUDLJKW/DSURJUHVVLYHLQFUHDVHLVREVHUYHGLQWKHDUHDRILQIOXHQFHWKDWGRHVQRWPDWFKLQWKHSUHYLRXV
FDVHV 7KH FKDQJH LV UHODWLYHO\ ORZ DQG LV FRQVLVWHQW IRU ORQJ VWUHWFKHV EHWZHHQ  DQG P ,Q WKH
VWUHWFK EHWZHHQ WKH FXUYH &  DQG WKH VWUDLJKW & VSHFLILF FKDQJHV FDQQRW EH VHHQ ,Q IDFW LQ WKLV
GLUHFWLRQWKHFKRLFHRIVSHHGQHFHVVDU\IRUFRYHULQJWKHFXUYH&KDSSHQVLQWKHSUHFHGLQJVWUDLJKW/
)LJEVXPPDUL]HV WKHUHVXOWVRI WKH WHVWVFRQGXFWHGZLWK WKHPDUNLQJV LPSURYHGRQ WUDIILFGLUHFWLRQ
073&,QWKLVWHVWZHREVHUYHGHVVHQWLDOO\DVLWXDWLRQVLPLODUWRWKHSUHYLRXVFDVH7KHPRVWREYLRXV
GLIIHUHQFHV DUH ORFDWHG LQ WKH / VWUDLJKW LQ IDFW LQ WKH VHFWLRQ EHWZHHQ  DQG P WKH
FRUUHODWLRQEHWZHHQWKHGLVWULEXWLRQVRIYHORFLW\GRHVQRWFKDQJH6LQFHLQWKLVDUHDWKHUHLVDZLGHQLQJRI
WKHFDUULDJHZD\LWZDVH[SHFWHGDQDGMXVWPHQWRIWKHVSHHG,WGRHVQ¶WFRQILUPWKHSUHYLRXVWHVWUHVXOWV
VRLWFDQEHFRQFOXGHGWKDWWKHPDUNHUVHQKDQFHWKHSHUFHSWLRQRIWKHWUDFNKLJKOLJKWLQJWKHZLGHQLQJRI
WKHFDUULDJHZD\

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)LJ&RUUHODWLRQ'RPDLQ&KDUW'LUHFWLRQ073&DVWDQGDUGURDGPDUNLQJVEURDGPDUNHUVLQVHUWHG
&RQFOXVLRQV
7KH XVH RI WHFKQLFDO VROXWLRQV WKDW HPSKDVL]H WKH JHRPHWULF FKDUDFWHULVWLFV RI WKH URDG FDQ DFWXDOO\
FKDQJH WKH GULYLQJ EHKDYLRXU ,WPXVW EH FRQVLGHUHG WKDW D FKDQJH RI SHUFHSWLRQ RI WKH URDG FDQ KDYH
YDULRXVHIIHFWVGHSHQGLQJRQ WKH URDGJHRPHWU\ ,Q WKLVSDSHU WKHHIIHFWRIPDUNHUVSODFHGRQ WKH URDG
PDUNLQJOLQHVLVGHVFULEHG7KHLUPDLQUHVXOWFRQVLVWVLQLPSURYLQJWKHSHUFHSWLRQRIWKHURDGHVSHFLDOO\
RIWKHFXUYHVWUHWFKHV$QRWKHUSRVLWLYHHIIHFWLVWKHJHQHUDOUHGXFWLRQRIDYHUDJHVSHHG,QVRPHFDVHVWKH
HIIHFWLVQHXWUDOWKHHIIHFWRQWKHSHUVSHFWLYHYLHZLVHVVHQWLDOO\QHJOLJLEOH6RPHWLPHVWKHHIIHFWLVQRW
SRVLWLYHVSHFLILFDOO\ZKHUHWKHUHLVDYDULDWLRQRIWKHVL]HRIWKHURDGZD\,QWKLVVWXG\LWZDVIRXQGWKDW
WKHPDUNHUVKDYHDQHJDWLYHHIIHFWRQWKHORQJVWUDLJKWVDQGLWLVUHODWHGWRWKHLQFUHDVHRIDYHUDJHVSHHG
$W WKH VDPH WLPH KRZHYHU GHFUHDVHV WKH VFDWWHULQJ RI WKH UHVXOWV 7KH SURSRVHG DQDO\VLV SURFHGXUH
DOORZV KLJKOLJKWLQJ WKH UHODWLRQVKLS EHWZHHQ VSHHG DQG URDG SHUFHSWLRQ 7KH GHILQLWLRQ RI ]RQHV RI
LQIOXHQFHDOORZVVSOLWWLQJWKHWUDFNLQWRKRPRJHQHRXVEORFNV,QWKHVHRQHVWKHVSHHGGRHVQRWGHSHQGRQ
WKHURDGJHRPHWU\EXWE\GHFLVLRQVPDWXUHGLQWKHSUHFHGLQJEORFN:LWKLQHDFKRQHLQDOOWKHSRLQWVD
KLJKGHJUHHRIFRUUHODWLRQEHWZHHQWKHVSHHGRFFXUVVRWKHFKDQJHVRIWKHGLVWULEXWLRQVDUHVPDOODQGGR
QRWGHSHQGRQVSHFLILFHYHQWV7KLVUHVXOWKDVLPSRUWDQWDQGLPPHGLDWHLPSOLFDWLRQVZKLFKFDQEHXVHG
LQ IXWXUH GHYHORSPHQWV RI WKH UHVHDUFK 7KH GHILQLWLRQ RI KRPRJHQHRXV DUHDV DOORZV KLJKOLJKWLQJ WKH
SUHFLQFWV DIIHFWHG E\ WKH LQWHUYHQWLRQ DQG SURYLGHV D GLPHQVLRQ RI LWV HIIHFWLYHQHVV ,W FDQ EH IXUWKHU
LPSURYHGE\FKDQJLQJWKHWKUHVKROGRIFRUUHODWLRQRUWKHVWDWLVWLFDOWHVWXVHG7KHLQIOXHQFHGLDJUDPFDQ
DOVREHXVHGWRGHWHUPLQHWKHSRVLWLRQRIWKHFRQWUROVHFWLRQVRIWKHVSHHGLQWKHUHDOFDVHDOVREHFDXVHRI
DSRVVLEOHFDOLEUDWLRQEHWZHHQWKHUHDOLW\DQGWKHVLPXODWHGHQYLURQPHQW$OWKRXJKFDOLEUDWLRQSURFHGXUHV
EHWZHHQUHDOLW\DQGVLPXODWLRQDUHVWLOODFRQWURYHUVLDOLVVXHLWPXVWEHXQGHUOLQHGWKDWWKHGHILQLWLRQRI
KRPRJHQHRXV VHFWLRQV LV XVHIXO IRU D FRPSDULVRQ ,Q WKLV FRQWH[W WKH FRQWULEXWLRQ RI WKLV UHVHDUFK
FRQFHUQVWKHSURYLVLRQRIDVLPSOHWRROIRUWKHVHOHFWLRQRIVHFWLRQVRIFDOLEUDWLRQRIWKHVSHHGGLDJUDPV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKZDVSHUIRUPHGDVDSDUWRIDZLGHUVWXG\WKDWGHULYHVIURPDFROODERUDWLRQEHWZHHQWKH
,&($ DQG3V\FKRORJ\'HSWV RI 3DGXD8QLYHUVLW\:H WKDQN SURI /*DPEHULQL IRU DVVLVWDQFH RQ WKH
SURMHFW DQG%6HUDJOLD IRU JXLGDQFHRQ WKH HDUOLHU YHUVLRQRI VLPXODWRU WHVWV GULYLQJ:H WKDQN DOO WKH
VWDIIRIWKH+W/$%3DGXD:HWKDQNDOOWKHDQRQ\PRXVSHRSOHZKRKDYHXQGHUJRQHWKHHUJRQRPLFWHVWV
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